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EP 0 885 926 B1 

Description 

[0001] This invention relates to propylene polymer blends, processes of producing the sanne and polypropylene resin 
compositions comprising said polymer blends as a main component. IVIore particularly, the invention relates to propyl- 
5 ene polymer blends, polypropylene resin compositions which are excellent in transparency, stress-whitening resistance 
and low-temperature impact resistance and processes of producing said propylene polymer blends by a vapor phase 

polymerization. 

BACKGROUND OF THE INVENTION 

10 

[0002] Polypropylene resins are relatively cheap and have excellent thermal and mechanical properties, and so have 
been used in a wide variety of the fields. In general, however, a propylene homopolymer has high rigidity, but is inferior 
in impact resistance, especially low-temperature impact resistance. As a composition containing the propylene 
homopolymer improved in low-temperature impact resistance, there has been employed in each of industrial fields 

15 including automobiles and household appliances, a propylene block copolymer composition wherein the propylene 
homopolymer is initially produced and subsequently an ethylene-propylene random copolymer component is produced. 
[0003] Those propylene block copolymer compositions which have been used hitherto are excellent in impact resist- 
ance, but inferior in transparency to homopolymer and have a high whitening on impacting. As a method to improve 
the disadvantage of whitening on impacting in the propylene block copolymer, there have been proposed the method 

20 of Increasing the ethylene content in the copolymer and the method of adding polyethylene to the propylene block 
copolymer composition. Both methods are excellent In improving the whitening on impacting, while lowering the trans- 
parency of the product. 

[0004] JP-A-5-331327 discloses a polymer composition comprising a propylene block copolymer composition with 
the specified ratio of the intrinsic viscosity of a propylene homopolymer component to that of an ethylene propylene 
25 random copolymer component. 

[0005] JP-A-6-1 45268 discloses a polymer composition with the specified intrinsic viscosity of a propylene homopol- 
ymer component, the specified ratio of the intrinsic viscosity of a propylene homopolymer component to that of an 
ethylene propylene copolymer component and the specified ethylene content in the ethylene propylene random co- 
polymer component. 

30 [0006] JP-A-56-72042 discloses a polyolefin resin composition comprising an ethylene-propylene block copolymer 
and an ethylene polymer. 

[0007] JP-A-57-63350 discloses a propylene copolymer composition comprising a propylene-ethylene block copol- 
ymer and an ethylene-alpha olefin copolymer. 

[0008] Those polymer compositions have been more improved than conventional propylene polymer blends in re- 
35 spect of the impact-whitening resistance and transparency from the measured result of haze for the injection-molded 
articles of the polymer compositions, but more improvements have been desired for the polymer compositions. In 
addition, blending various components may bring about unbalance of the properties due to scattered disperslbility of 
each component in the final product. US-4,547,552 relates to a process for producing a propylene polymer blend in 
the following two stages (I) and (II): 

40 

(I) Polymerizing propylene containing 0 to 5 mole% of another olefin in the presence of a titanium based catalyst; 
and 

(II) polymerizing propylene and ethylene, or propylene, ethylene and another olefin in the presence of the reaction 
product of the first stage to form a rubbery propylene copolymer and a crystalline ethylene polymer or copolymer. 

45 

[0009] The mixture obtained preferably contains 

• 50 to 95% by weight of the crystalline propylene polymer or copolymer formed in the first stage (I) 

• 2 to 40% by weight of the rubbery propylene copolymer formed in the second stage (II), and 

50 • 3 to 40% by weight of the crystalline ethylene polymer or copolymer fomned in the second stage (II), 

[0010] The rubbery propylene copolymer formed in the second stage (II) preferably has a propylene content of about 
1 5 to about 85 mole % and an intrinsic viscosity of 1 to 1 5 dl/g, especially 1 .5 to 1 0 dl/g. 

55 SUMMARY OF THE INVENTION 

[0011] An object of the invention is to provide a propylene polymer blend having excellent balance of various prop- 
erties such as transparency, stress-whitening resistance and low-temperature impact resistance, etc., and a process 
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of producing the polymer blend. 

[0012] Another object of the invention is to provide a polypropylene resin composition comprising said propylene 
polymer blend as a main component, suitable for the production of the molded articles having excellent balance of 
various properties such as transparency, stress-whitening resistance and low-temperature impact resistance, etc. 

5 [0013] Other objects of the Invention will be apparent from the description mentioned later. 

[0014] As a result of various investigations to attain the above-described objects, we have found that a propylene 
polymer blend comprising (A) a propylene-a-olefin random copolymer and (B) a propylene-a-olefin random copolymer 
with different a-olefin contents from the random copolymer (A) has excellent balance of the transparency, stress-whit- 
ening resistance and low-temperature impact resistance, when the intrinsic viscosity of the copolymer B, the ratio of 

10 the intrinsic viscosities of both copolymers and a product of the intrinsic ratio of both copolymers and the weight ratio 
of both copolymers are within the the prescribed ranges. 

[0015] In accordance with the present invention there is provided a propylene polymer blend comprising (A) a pro- 
pylene-a-olefin random copolymer with a propylene content of 90 to 99% by weight and (B) a propylene-a-olefin random 
copolymer with a propylene content of 55 to 90% by weight, wherein the intrinsic viscosity {[r\^]) of the copolymer B 
15 ranges from 1 .3 to 3.5 dl/g, the ratio ([tib]/[tia]) of the intrinsic viscosity ([tibD of the copolymer 8 to the intrinsic viscosity 
([tIaD of the copolymer A ranges from 0.5 to 1 .3 and a product (([riBl/hAl) ^ (Wa/Wb)) of the intrinsic ratio (hel/hA]) 
of both copolymers and the weight ratio (W^/Wb) of both copolymers ranges from 1 .0 to 4.5, said viscosity ([tibD being 
derived as defined In the claims and the following description. 

[0016] The present invention also provides a process of producing the propylene polymer blend which comprises in 
20 sequence: 

(a) carrying out a first polymerization step wherein propylene and other a-olef ins than propylene are copolymerized 
in a vapor phase in the presence of a catalyst for a stereoregular olefin polymerization which comprises a combi- 
nation of a titanium-containing solid catalyst component having an average particle size of 20-300 jim, an orga- 

25 noalumlnum compound of the fonnula AIR^ j^iXa-m wherein Is a hydrocarbyl group of 1 -20 cartx)ns, X is a halogen 

atom and m is a positive number of 3^m^1.5, and an organosilicon compound of the formula RSxR^YSiCOR^)^ 
wherein R2 and R^ is a hydrocarbyl group, R3 is a hydrocarbyl group or a hydrocarbyl group containing a hetero 
atom, X, Y and Z have a relationship of 0gX^2, 1 ^Y^3, 1 ^Z^3, and X+Y+Z=4 , to produce 90 to 50% by weight 
of a propylene-a-olefin random copolymer (A) based on the total weight of the polymer blend and then 

30 (b) carrying out a second polymerization step wherein propylene and other a-olefins than propylene are copoly- 

merized to produce 1 0 to 50% by weight of a propylene-a-olefin random copolymer (B) having a propylene content 
of 55 to 90% by weight, based on the total weight of the polymer blend. 

[0017] The present invention further provides a polypropylene resin composition which comprises 99 to 99.9999% 
35 by weight of the propylene polymer blend and 1 to 0.0001% by weight of an a-crystal nucleating agent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a flow sheet showing a continuous polymerization apparatus used in the examples. 

40 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] In the propylene polymer blend of the invention, the propylene-a-olefin random copolymer (A) comprises a 
random copolymer of propylene and other olefins than propylene, the propylene content of which is from 90 to 99% 
45 by weight. If the propylene content in the copolymer (A) is too low, the heat resistance of the molded articles will lower. 
If it is too high, the stress-whitening resistance will be Insufficient. The propylene content In the copolymer (A) Is pref- 
erably 92 to 99% by weight. 

[0020] a-Olefin components for the propylene-a-olefin random copolymer (A) can include ethylene, 1 -butene, 1 -pen- 
tene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 4-methyl-1-pentene, 3-methyl-1 -pentene and the like. Ethylene is 

50 preferable from a viewpoint of manufacturing cost. 

[0021] Other component in the propylene polymer blend, the propylene-a-olefin random copolymer (B) is a random 
copolymer of propylene and other a-olefins than propylene, the propylene content of which is from 55 to 90% by weight. 
If the propylene content in the copolymer (B) is too high, the low-temperature impact resistance of the molded articles 
will be insufficient. If it is too low, the transparency will lower. The propylene content in the copolymer (B) is preferably 

55 from 55 to 85% by weight. 

[0022] a-Olefin components for the propylene-a-olefin random copolymer (B) can include similar compounds as in 
the copolymer (A). Ethylene is preferable. 

[0023] For the propylene-a-olefin random copolymer (B), the intrinsic viscosity [tib] is in the range of 1 .3 to 3,5 dl/g. 
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preferably 1 .5 to 3.0 dl/g, and the ratio ([tib]/[i1a)) oi the Intrinsic viscosity of the copolymer (B) to that of the copolymer 
(A)([tia]) is in the range of from 0.5 to 1.3, preferably from 0.6 to 1.2. The intrinsic viscosity of the copolymer (A) is 
determined in tetralin at 135°C. 

[0024] Since the Intrinsic viscosity ([tib]) of the propylene-a-olefin random copolymer (B) cannot be directly meas- 
5 ured, It Is derived from the Intrinsic viscosity ([iiyj) of the propylene-a-olefin random copolymer (A), the Intrinsic viscosity 
([tiwhole]) the final product, propylene polymer blend and the weight % (Wg) of the propylene-a-olefin random 
copolymer (8) which can be directly measured, in accordance with the following equation. 

^0 [^b1 = {[^wholeI • (1 - Wb/100)[ti^])/(Wb/100) 

[0025] The intrinsic viscosity {[Tig]) of the propylene-a-olefin random copolymer (B) has an effect on the molding 
cycle and the transparency of the molded articles. The ratio ([tib]/[t1a]) intrinsic viscosity ([tib]) of the propylene- 
a-olefin random copolymer (B) to the intrinsic viscosity ([r]^^) of the propylene-a-olefin random copolymer (A) has an 

15 effect on the disperslbillty of the propylene-a-olefin random copolymer (B) In the propylene-a-olefin random copolymer 
(A). As the Intrinsic viscosity ([tib]) of the propylene-a-olefin random copolymer (B) is higher, the molding cycle lowers. 
If the viscosity ratio of the copolymer (B) to the copolymer (A) Is too high, the transparency will lower. If it is too low, 
the low-temperature Impact resistance will be insufficient, which results in no attainment of the aimed properties. 
[0026] In the propylene polymer blend of the present Invention, the weight ratio (W^/Wb) of the propylene-a-olefin 

20 random copolymer (A) to the propylene-a-olefin random copolymer (B) is such that a product ([t)b]/[t]a)) ^ (Wa/Wb)) of 
the intrinsic ratio of both copolymers ([tibI/Itia]) *he weight ratio of both copolymers (Wa/Wb) is in the range of from 
1 .0 to 4.5. The product of the weight ratio and the intrinsic viscosity of both copolymers is an index showing the stress- 
whitening resistance of the composition. Lower value can improve the stress-whitening resistance, but provide more 
reduction in the heat resistance and rigidity. On the other hand, higher value does not provide a desired Improvement 

25 in stress-whitening resistance. 

[0027] The propylene polymer blend of the invention comprises 90 to 50% by weight of the propylene-a-olefin random 
copolymer (A) and 10 to 50% by weight of the propylene-a-olefin random copolymer (B) on the weight basis of the 
polymer blend. Preferable polymer blend comprises 80 to 50% by weight of the propylene-a-olefin random copolymer 
(A) and 20 to 50% by weight of the propylene-a-olefin random copolymer (B) on the weight basis of the polymer blend, 

30 by which the low-temperature impact resistance of the molded articles can be more improved. 

[0028] The propylene polymer blend of the Invention satisfying the above-mentioned various properties can be suit- 
ably used as a raw material for the manufacture of molded articles which are excellent in transparency, stress-whitening 
resistance and low-temperature impact resistance. 

[0029] The propylene polymer blend of the invention can be produced by any method if it satisfies the above-men- 
35 tioned various properties, but suitably produced by the two-stage continuous polymerization process in a vapor phase 

as mentioned above. 

[0030] The two-stage continuous polymerization process comprises continuously conducting the first polymerization 
step wherein propylene and other a-olefins than propylene are copolymerized in a vapor phase in the presence of a 
catalyst for a stereoregular olefin polymerization comprising a combination of a titanium-containing solid catalyst com- 
40 ponent having an average particle size of 20 to 300 ^lm, an organoaluminum compound and an organosllicon com- 
pound, to produce a propylene-a-olefin random copolymer (A) in a prescribed amount and with the prescribed com- 
position ratio, and successively conducting the second polymerization step wherein propylene and other a-olefins than 
propylene are copolymerized with varying composition ratio, to produce the remaining propylene-a-olefin random co- 
polymer (B). 

45 [0031] As the titanium-containing solid catalyst components can be used In the processes of the present invention, 
in addition to known catalysts, those having the average particle size of 20 to 300 jim wherein titanium compounds 
are supported on an Inorganic carrier such as magnesium compounds, silica and alumina, an organic carrier such as 
polystyrene or on such carriers optionally reacted with an electron donor such as ethers, esters and the like. Concrete 
examples are the titanium-containing solid catalyst components produced by spraying an alcohol solution of a mag- 

50 neslum compound, partially drying a solid component and treating the dry solid component with titanium halides and 
an electron donor (JP-A-3-1 19003) and the titanium-containing solid catalyst components prepared by dissolving a 
magnesium compound in tetrahydrofu ran/alcohol/electron donor and treating magnesium precipitated by a TICI4 alone 
or a combination thereof with an electron donor, with titanium halides and an electron donor (JP-A-4-103604). 
[0032] The titanium-containing catalyst components use those having an average particle size of 20 to 300 ixm, 

55 preferably 20 to 150 \irr\. If the average particle size of the titanium-containing catalyst component is too low, the 
flowability of the powder of the resultant propylene polymer blend is remarkably lost, thus resulting in the contamination 
within the polymerization system by adhesion of the powders to the wall of the polymerization reactor and the agitating 
element, etc., and further resulting in difficulty in the transfer of the powders discharged from the polymerization reactor, 
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which leads to a great hindrance to a steady operation. 

[0033] For the titanium-containing catalyst component are preferable those having the degree of unifonmity of not 
more than 2.0 in the normal distribution. If the degree of uniformity is higher, the powder flowabillty of the propylene 
polymer blend is getting worse, so that continuous steady operation becomes difficult. 

5 [0034] As the organoalumlnum compounds can be used those compounds of the formula AIR1 m^s-m wherein is 
a hydrocarbyl group of 1 -20 carbons, X is a halogen atom and m is a positive number of S^m^l .5. 
[0035] Specifically, the following compounds are recited; trimethylaluminum, triethyfaluminum, tri-n-propylaluminum, 
tri-n-butylaluminum, tri-iso-butylaluminum, dimethylaluminum chloride, diethylaluminum chloride, methylaluminum 
sesquichloride, di-n-propylaluminum monochloride, ethylaluminum sesquichloride, ethylaluminum dichloride, diethyl- 

10 aluminum iodide, ethoxydiethyialuminum, etc. Preferably, triethylaluminum is used. 

[0036] These organoaluminum compounds may be used alone or In admixture with two or more kinds. 
[0037] As the organosilicon compounds can be used those compounds of the formula R^xf^^YSi(0R4)z wherein R^ 
and are a hydrocarbyl group, R3 is a hydrocarbyl group or a hydrocarbyl group containing a hetero atom, X, Y and 
Z have the relationship of 0^X^2, 1 ^Y^3, 1 ^ZmZ and X+Y+2=4. 

15 [0038] Specifically, the following compounds are recited, methyltrimethoxysilane, ethyltrimethoxysilane. n-propyltri- 
methoxysilane, phenylmethyldimethoxysilane, t-butyltrimethoxysilane, phenyltriethoxysilane, methylethyldimethoxysi- 
lane, methylphenyldiethoxysilane. dimethyldimethoxysilane, dimethyldlethoxysilane, diisopropyldimethoxysilane, di- 
isobutyldimethoxysilane, di-t-butyldimethoxysilane, diphenyldimethoxysilane, trimethylmethoxysilane, cyclohexyl- 
methyldimethoxysllane, trimethylethoxysilane, etc. Preferably, diisobutyldimethoxysilane. diisopropyldimethoxysilane, 

20 di-t-butyldimethoxysilane, cyclohexylmethyldimethoxysilane and diphenyldimethoxysilane are used. 
[0039] These organosilicon compounds may be used alone or in admixture with two or more kinds. 
[0040] The catalysts for a stereoregular olefin polymerization comprising a combination of the titanium-containing 
solid catalyst component, the organoaluminum compound and the organosilicon compound are used in the copolym- 
erization of propylene with other a-olefins than propylene in the first polymerization step, but it is preferable to use the 

25 titanium-containing solid catalysts which have been preactivated with a-olefins. 

[0041] The preactivation of the titanium-containing solid catalyst component can be conducted in the presence or 
absence of a similar organoaluminum compoud as used in the first polymerization step. Usually, the organoaluminum 
compound is used in the range of 0.1 to 40 mols, preferably 0.3 to 20 mols per mol of a titanium atom In the titanium- 
containing solid catalyst component, and it is reacted at 10-80°C over a period of 10 minutes to 48 hours with a-olefin 

30 in an amount of 0.1 to 1 00 grams, preferably 0.5 to 50 grams per gram of the titanium-containing solid catalyst com- 
ponent. Preferable organoaluminum compound is triethyl aluminum. 

[0042] For the preactivation, a similar organosilicon compound as previously used in the first polymerization step 
may be used in the range of 0.01 to 10 mols, preferably 0.05 to 5 mols per mol of the organoaluminum compound. 
Preferable organosilicon compounds include diisobutyldimethoxysilane, diisopropyldimethoxysilane, di-t-butyldimeth- 

35 oxysilane, cyclohexylmethyldimethoxysilane and diphenyldimethoxysilane, 

[0043] a-olefins used in the preactivation of the titanium-containing solid catalyst component include ethylene, pro- 
pylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octa- 
decene, 1-eicosene, 4-methyl-1 -pentene, 3-methyl-1-pentene, etc. These olefins may be used alone or in admixture 
with two or more kinds. In the polymerization, a molecular weight modifier such as hydrogen can be used in combination 

^0 to modify the molecular weight of the polymer. 

[0044] The inert solvents used in the preactivation of the titanium-containing solid catalyst component are those 
which do not give a remarkable effect on the polymerization reaction, which include liquid saturated hydrocarbons such 
as hexane, heptane, octane, decane, dodecane and liquid paraffin and a silicone oil having a dimethylpolysiloxane 
structure. These inert solvents may be a single solvent or a mixed solvent of two or more kinds. 

45 [0045] It is preferable to use these inert solvents after removal therefrom of impurities adversely affecting the polym- 
erization, such as water and sulfur compounds. 

[0046] In the process for the production of the propylene polymer blend according to the present invention, there are 
successively carried out the first polymerization step wherein propylene and other a-olefins than propylene are copo- 
lymerized In a vapor phase in the presence of the preactivated titanium-containing solid catalyst component and then 
50 the second polymerization step wherein propylene and a-olefins are copolymerized with a different propylene content 
from the first polymerization step, 

[0047] The first polymerization step is not limited to a vapor phase polymerization, and may use a slurry polymeri- 
zation and a bulk polymerization. The subsequent second polymerization step is preferably a vapor phase polymeri- 
zation. Therefore, the present invention uses a vapor phase polymerization also In the first polymerization step. In case 
55 where slurry and bulk polymerizations are used as the second polymerization step, the copolymer dissolves out In the 
solution, which results in the difficulty in the continuation of a stable operation. 

[0048] The polymerization conditions for the propylene-a-olefin random copolymer (A) are varied depending on a 
polymerization process. For the vapor phase polymerization process, propylene and other a-olefins than propylene 
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are fed at a polymerization temperature of 20 to 120°C, preferably 40 to lOO^'C and at a polymerization pressure of 
from atmospheric pressure to 9.9 MPa, preferably 0.59 to 5.0 MPa in the presence of a catalyst for stereoregular olefin 
polymerization comprising a titanium-containing solid catalyst component which has been preactivated by mixing and 
agitating prescribed amounts of powders, an organoaluminum component and an organosillcon compound, to produce 
5 the propylene-a-olefin random copolymer (A). The molar ratio, AIAD of the organoaluminum compound used to the 
titanium-containing solid catalyst component used is 1-500, preferably 10-300. In this case, the molar number of the 
titanium-containing solid catalyst component refers to substantially the gram atom number of Tl in the titanium-con- 
taining solid catalyst component. 

[0049] The molar ratio, Al/Si of the organoaluminum component used to the organosillcon compound used is 1-10, 
10 preferably 1 .5-8. 

[0050] If the molar ratio of Al/Si is too high, a low crystalline component in the propylene-a-olefin random copolymer 
(A) will increase, the rigidity of the propylene polymer blend will be insufficient and the flowability of the powders will 
lower, resulting in the difficulty in the continuation of a stable operation. If the molar ratio of Al/Si is too low, the polym- 
erization activity will lower remarkably, resulting in lowered productivity. 

15 [0051] To modify the molecular weight of the propylene-a-olefin random copolymer (A), a molecular weight modifier 
such as hydrogen can be used upon polymerization. It is performed so that the intrinsic viscosity of the propylene<x- 
olefin random copolymer (A) can meet the requirements for the present invention. After the propylene-a-olefin random 
copolymer (A) was produced, a part of the resultant powders is taken out and used for the measurement of the intrinsic 
viscosity ([nlA)i "^©1* ^'ow rate (MFR^) and polymerization yield per weight of catalyst. 

20 [0052] Subsequently to the production of the propylene-a-olefin random copolymer (A) in the first polymerization 
step, the second polymerization step is carried out wherein a mixed monomer of propylene and other a-olefins than 
propylene is copolymerized in a different composition ratio from the first polymerization step at a polymerization tem- 
perature of 20 to 1 20^*0, preferably 40 to 1 00°C and at a polymerization pressure of from atmospheric pressure to 9.9 
MPa, preferably 0.59 to 5.0 MPa, to produce the propylene-a-olefin random copolymer (B). The a-olefin content in the 

25 propylene-a-olefin random copolymer (B) Is controlled so as to provide 1 0 to 45% by weight, by controlling a gas molar 
ratio of an a-olefin monomer to a propylene monomer in the comonomer gas. 

[0053] The weight of the propylene-a-olefin random copolymer (8) relative to the weight of the propylene-a-olefin 
random copolymer (A) is adjusted so as to provide 1 0 to 50% by weight, by control of the polymerization time and 
using an agent for regulating the polymerization activity of the catalyst such as carbon monoxide and hydrogen sulfide. 
30 Further, the molecular weight of the propylene-a-olefin random copolymer (B) is regulated so that the intrinsic viscosity 
{hel) 0^ propylene-a-olefin random copolymer (B) can meet the requirements for the propylene polymer blend, by 
adding a molecular weight modifier such as hydrogen upon the polymerization of the propylene-a-olefin random co- 
polymer (B). 

[0054] The polymerization system may be any of batch, semi-continuous and continuous systems, but a continuous 
35 polymerization is industrially preferable. 

[0055] After completion of the second polymerization step, the monomer can be removed from the polymerization 
system to prepare a particulate polymer. The resultant polymer is used for the measurement of the intrinsic viscosity 
([^wholeD' a-olefin content and polymerization yield per weight of the catalyst. 

[0056] The propylene polymer blend of the present invention can be used as a raw material for the molded articles 
40 having various shapes formed by a variety of molding methods such as injection, extrusion or the like. In molding, the 
propylene polymer blend may be incorporated with known additives used for conventional polyolefins which include 
antioxidants, neutralizers, antistatic agents, weathering agents, inorganic fillers such as talc, calcium carbonate, silica, 
mica or the like. 

[0057] The polypropylene resin composition of the present invention comprises the propylene polymer blend satis- 
45 fylng the various properties as mentioned above and small amounts of an a-crystal nucleating agent and can be suitably 
used as a raw material for the manufacture of the molded articles which are excellent in transparency, stress-whitening 
resistance and low-temperature impact resistance. 

[0058] The a-crystal nucleating agents which can be used in the present invention can include inorganic compounds, 
carboxyiic acids or the metal salts thereof, dibenzylidenesorbitol compounds, arylphosphate compounds, mixtures of 
so cyclic polyvalent metal aryl phosphate compounds with alkali metal salts of aliphatic monocarboxytic acids or basic 
aluminum lithium hydrocarbonate hydrate and polymeric compounds. 

[0059] Examples of inorganic compounds can include talc, alum, silica, titanium oxide, calcium oxide, magnesium 
oxide, carbon black, clay minerals or the like. 

[0060] Examples of carboxyiic acids can include those excluding aliphatic monocari^oxylic acids, such as maionic 
55 acid, succinic acid, adipic acid, maleic acid, azelaic acid, sebacic acid, dodecanic diacid, citric acid, butanetricarboxylic 
acid, butanetetracarboxylic acid, naphthenic acid, cyclopentanecarboxylic acid, 1 -methylcyclopentane-carboxylic acid. 
2-methylcyclopentanecarboxylic acid, cyclopentanecarboxylic acid, cyclohexanecarboxylic acid, 1 -methylcyclohex- 
anecarboxylic acid, 4-methylcyctohexanecarboxyiic acid, 3,5-dimethylcyclohexanecari3oxylic acid, 4-butylcyclohex- 
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anecarboxylic acid, 4-octyIcyclohexane*carboxylic acid, cyclohexanecarboxylic acid, 4-cyclohexane-1 ,2-dicarboxylic 
acid, benzoic acid, toluic acid, xyiic acid, etiiylbenzoic acid, 4-t-butylbenzoic acid, salicylic acid, phthalic acid, trimeliitic 
acid, pyromellitic acid or the like. The metal salts of the carboxylic acids can include normal salts or basic salts of the 
carboxylic acids such as lithium, sodium, potassium, magnesium, calcium, strontium, barium, zinc and aluminum of 
said acids. 

[0061] Examples of dibenzylidenesorbitol compounds can include 1 .3, 2.4-dibenzylidenesorbltol, 1 .3-benzylidene- 
2.4-p-methylbenzylidenesorbitol, 1 .3-benzylidene-2.4-p-ethylbenzylidenesorbitol, 1 .3-p-methylbenzylidene-2.4-ben- 
zylidenesorbitol, 1.3-p-ethylbenzylidene-2.4-benzylidenesorbitol, 1.3-p-methylbenzylldene-2.4-p-ethylbenzylidene- 
sorbitol, 1 .3-p-ethylbenzyIidene-2.4-p-methylbenzylidenesorbitol, 1 .3,2.4-bis(p-methylbenzylid8ne)sorbitol, 1 .3,2.4- 
bls(p-ethylbenzylidene)sorbitol, 1 .3,2.4-bis(p-n-propylbenzylldene)sorbitol. 1 .3,2.4-bis(p-i-propylbenzylidene)sorbitol, 
1 .3,2.4-bis(p-n-butylbenzyIidene)sorbitol, 1 .3,2.4-bis(p-s-butylbenzylidene)sorbitoI, 1 .3,2.4-bis(p-t-butylbenzylidene) 
sorbitol, 1.3-(2'.4'-dimethylbenzylidene)-2.4-benzylidenesorbitol, 1.3-benzylidene-2.4-(2'.4'-dimethylbenzylidene) 
sorbitol, 1 .3,2.4-bis(2',4'-dimethylbenzylidene)sorbitol. 1 .3,2.4-bis(3',4'-dimethylbenzylidene)sorbitol, 1 .3,2.4-bis(p- 
methoxybenzylidene)sorbitol, 1.3,2.4-bis(p-ethoxybenzylidene)sorbitol, 1.3-benzylidene-2.4-p-chlorobenzylidene- 
sorbitol, 1 .3-p-chlorobenzylidene-2.4-benzylidenesorbitol, 1 .3-p-chlorobenzylidene-2.4-p-methylbenzylidenesorbitoI, 
1.3-p-chlorobenzylidene-2,4-p-ethylbenzylidenesorbitol, 1.3-p-methy!benzylidene-2.4-p-chlorobenzylidenesorbitol, 
1 .3-p-ethylbenzylldene-2.4-p-chlorobenzylidenesorbitol, 1 .3,2.4-bis(p-chloro-benzylidene)sorbitol or the like. 
[0062] Examples of arylphosphate compounds can include lithium bis(4-t-butylphenyl)phosphate, sodium bis(4-t- 
butylphenyl)phosphate, lithium bis(4-cumylphenyl)phosphate, sodium bis(4-cumylphenyI)phosphate, potassium bis 
(4-t-butylphenyl)phosphate, calcium mono(4-t-butylphenyl)phosphate, calcium bis(4-t-butylphenyl)phosphate, magne- 
sium mono(4-t-butylphenyl)phosphate, magnesium bis(4-t-butylphenyl)phosphate, zinc mono(4-t-butylphenyl)phos- 
phate, zinc bis(4-t-butylphenyI)phosphate, aluminum dihydroxy-(4-t-butylphenyl)phosphate, aluminum hydroxy-bis 
(4-t-butylphenyl)phosphate, aluminum tris(4-t-butylphenyl)phosphate, sodium 2,2'-methylene-bis(4,6-dl-t-butyIphenyl) 
phosphate, sodium 2,2'-ethylidene-bis(4,6-di-t-butylphenyl)phosphate, sodium 2,2'-methylene-bis(4-cumyl-6-t-butyl- 
phenyl)phosphate, lithium 2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate, lithium 2,2'-ethylldene-bis(4,6-di-t- 
buthyiphenyOphosphate, lithium 2,2'-methylene-bis(4-cumyt-6-t-butylphenyl)phosphate, sodium 2,2'-ethylidene-bis 
(4-i-propyl-6-t-butylphenyl)phosphate, lithium 2,2'-methylene-bis(4-methyl-6-t-butylphenyl)phosphate, lithium 2,2'- 
methylene-bis(4-ethyl-6-t-butylphenyl)phosphate, sodium 2,2'-butylidene-bis(4,6-di-methylphenyl)phosphate, sodium 
2,2'-butylidene-bis(4,6-dl-t-butylphenyl)phosphate, sodium 2,2'-t-octylmethylene-bis(4,6-di-methylphenyl)phosphate, 
sodium 2,2'-t-octylmethylene-bis(4,6-di-t-butylphenyl)phosphate, sodium 2,2'-methyIene-bls(4-methyl-6-t-butylphe- 
nyl)phosphate, sodium 2,2'-methylene-bis(4-ethyl-6-t-butylphenyl)phosphate, sodium (4,4'-dimethyl-6,6'-di-t-butyl- 
2,2'-biphenyl)phosphate, sodium 2,2''ethylidene-bis(4-s-butyl-6-t-butylphenyl)phosphate, sodium 2,2'-methylene-bis 
(4,6-di-methylphenyl)phosphate, sodium 2,2'-methylene-bis(4,6-di-ethylphenyl)phosphate, potassium 2,2'-ethylidene- 
bis(4,6-di-t-butylphenyl)phosphate, calcium bis(2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate, magnesium bis 
[2,2'-methylene-bls(4,6-di-t-butylphenyl)phosphate], zinc bis[2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate], alu- 
minum tris[2,2'-methy[ene-bis(4,6-di-t-butylphenyl)phosphate], calcium bis[2,2'-methylene-bis(4-methyl-6-t-butylphe- 
nyl)phosphate], calcium bis[2,2'-ethylidene-bis(4,6-di-t'butylphenyl)phosphate], calcium bis[2,2'-thiobis(4-methyl-6-t- 
butylphenyl)phosphate], calcium bis[2,2'-thiobis(4-ethyl-6-t-butylphenyl)phosphate, calcium bis[2,2'-thiobis(4,6-di-t- 
butylphenyl)phosphate], magnesium bis[2,2'-thiobis(4,6-di-t-butylphenyl)phosphate], magnesium bis[2,2'-thiobis(4-t- 
octylphenyl)phosphate], barium bis[2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate, calcium bis[{4,4'-dimethyl-6,6'- 
dl-t-butyl*2,2'-blphenyl)phosphate], magnesium bis[2,2'-ethylidene-bis(4,6-di-t-butylphenyl)phosphate], barium bis 
[2,2'-ethyIldene-bis(4,6-di-t-butylphenyl)phosphate], aluminum tris[2,2'-ethylidene-bis(4,6-di-t-butylphenyl)phos- 
phate], aluminum dihydroxy-2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate, aluminum dihydroxy-2,2'-methylene- 
bis(4-cumyl-6-t-butylphenyl)phosphate, aluminum hydroxy-bis[2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate], 
aluminum hydroxy-bis[2,2'-methylene-bis(4-cumyl-6-t-butylphenyl)phosphate], titanium dihydroxy-bis[2,2'-methylene- 
bis(4,6-di-t-butylphenyi)phosphate], tin dihydroxy-bis[2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate], zirconium 
oxy-bis[2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate, aluminum dihydroxy-2,2'-methylene-bis(4-methyl-6-t- 
butylphenyl)phosphate, aluminum hydroxy-bis[2,2'-methylene-bis(4-methyl-6-t-butylphenyl)phosphate], aluminum di- 
hydroxy-2,2'-ethylidene-bis(4,6-di-t-butylphenyl)phosphate, aluminum hydroxy-bis[2,2'-ethylidene-bis(4,6-di-t-butyl- 
phenyl)phosphate] or the like. 

[0063] Examples of alkali metal salts of aliphatic monocarboxylic acids which are used in admixture with cyclic poly- 
valent metal aryl phosphate compounds among the said aryl phosphate compounds can include lithium, sodium or 
potassium salts of acetic acid, lactic acid, propionic acid, acrylic acid, octanoic acid, isooctanoic acid, nonanoic acid, 
decanoic acid, lauric acid, myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, 12-hydroxy- 
stearlc acid, riclnolic acid, behenic acid, erucic acid, montanoic acid, mellssic acid, stearoyllactic acid, p-N-laurylami- 
nopropionic acid, p-N-methyl-N-lauroylaminopropionic acid or the like. 

[0064] Examples of polymeric compounds can include poly(3-methyl-1 -butene), poly(3-methyl-1 -pentene), poly 
(3-ethyI-l -pentene), poly(4-methyl-1 -pentene), poly(4-methyl-1 -hexene), poly(4,4-dlmethyl-1 -pentene), poly 
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(4,4-dlmethyl-1-hexene), poIy(4-ethyI-1-hexene), poly(3-ethyl-1-hexene), polyallylnaphthalene, polyallylnorbornane, 
atactic polystyrene, syndiotactic polystyrene, polydimethylstyrene, polyvinylnaphthalene, polyallylbenzene, polyallyl- 
toluene, polyvinylcyclopentane, polyvinylcyclohexane, polyvinylcycloheptane, polyvinyltrimethylsilane, polyattyltri- 
methylsilane or the like. 

[0065] In the present Invention are particularly preferably used talc; aluminum hydroxy-bis(4-t-butylbenzoate); 
1 .3,2.4-diben2ylidenesorbitol, 1 .3,2.4-bis(p-methylbenzylidene)sorbitol, 1 .3,2.4-bis(p-ethylbenzylidene)sorbitol, 1.3, 
2.4-bis{2',4'-dimethylbenzylldene)sorbitol, 1.3,2.4-bis{3',4'-dimethylbenzylidene)sorbitol, 1.3-p-chlorobenzylidene- 
2.4-p-methylbenzylidenesorbitol, 1 .3,2.4-bis(p-chlorobenzylidene)sorbltol; mixtures with aliphatic monocarboxylic acid 
alkali metal salts of cyclic polyvalent metal arylphosphate compounds such as sodium bis(4*t-butylphenyl)phosphate, 
sodium 2,2'-methylene-bis(4,6-dl-t-butyiphenyl)phosphate. calcium 2,2'-methylene-bls(4,6-di-t-butylphenyl)phos- 
phate, aluminum 2,2'-methylene-bis(4,6-di-t-butyfphenyl)phosphate, aluminum dihydroxy-2,2'-methylene-bis(4,6-di-t- 
butylphenyl)phosphate or aluminum hydroxy-bis[2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate] or the like; and 
polymeric compounds such as poIy(3-methyl-1-butene), polyvinylcyclohexane and polyallyltrimethylsilane or the like. 
[0066] The a-crystal nucleating agent may be used alone or in combination with two or more kinds. 
[0067] The polypropylene resin composition of the present invention comprises 99 to 99.9999% by weight of the 
propylene polymer blend and 0.0001 to 1%, preferably 0.001 to 0.8% by weight of the a-crystal nucleating agent. 
[0068] The polypropylene resin compositions of the present invention may be incorporated, within the range that 
would not adversely affect the object of the invention, with various types of additives usually employed for propylene 
polymer, for example, antioxidants such as phenol-, thioether- or phosphorous-antioxidants; light stabilizers; heavy 
metal inactivators (copper pollution inhibitors); clarifiers; p-crystal nucleating agents; lubricants; antistatic agents; anti- 
fogging agents; anti-blocking agents; anti-dropping agents; radical generators such as peroxides, fire retardants; aux- 
iliaries for fire retardants; pigments; halogen scavengers; dispersing agents or neutralizing agents such as metal soaps; 
organic or inorganic antibacterial agents; inorganic fillers e.g., talc, mica, clay, wollastonite, zeolite, kaolin, bentonite, 
perlite, diatomaceous earth, asbestos, calcium carbonate, magnesium carbonate, aluminum hydroxide, magnesium 
hydroxide, hydrotalcite, basic aluminum lithium hydroxycarbonate hydrate, silicon dioxide, titanium dioxide, zinc oxide, 
magnesium oxide, calcium oxide, barium sulfate, magnesium sulfate, calcium silicate, aluminum silicate, glass fibers, 
potassium titanate, carbon fibers, carbon black, graphite and metallic fibers; coupling agents, e.g., silane-, titanate-, 
boron-, aluminate- or zircoaluminate-coupling agents, as well as inorganic or organic fillers surface-treated with any 
of said coupling agents, e.g., woodflours, pulps, wastepapers, synthetic fibers, natural fibers. 
[0069] The polypropylene resin composition of the present invention can be produced, for example by mixing the 
propylene polymer blend of the invention, the a-crystal nucleating agents and various additives usually added to the 
above crystalline propylene polymer in the respective predetermined amounts, using conventional mixing apparatus, 
e.g., Henschel mixer (trade name), super mixer, ribbon blender, Banbury mixer, etc., and if desired, the resultant resin 
composition may be melt-kneaded and pelletized at a temperature of 170 to SOO^C, preferably 200 to 270*^0, using 
conventional extruders such as a single screw extruder, double-screw extruder, Brabender or roll to fonn pellets, which 
are used for the production of a variety of molded articles by various molding processes such as injection, extrusion, 
blowing or the like. 

EXAMPLE 

[0070] The invention is further illustrated by the following examples and comparative examples. 

1. Methods for the measurement of physical properties 

[0071] 

a) Intrinsic viscosity (dl/g): Measured in tetralin (tetrachloronaphthalene) at 135°C, using automatic viscometer 
(AVS2-type, manufactured by MITSUI TOATSU CHEMICALS, Co. Ltd, Japan). 

b) Average particle size (^m) of titanium-containing solid catalyst component: Calculated from a particle size dis- 
tribution measured by using Master sizer (manufactured by MALVERN Co. Ltd.). 

c) Degree of particle uniformity of titanium-containing solid catalyst component: Calculated by dividing the particle 
size in 60% undersize by that of 1 0% undersize. 

d) Propylene content (% by weight): Measured by Infrared absorption spectroscopy. 

e) Melt flow rate (g/10 min.): Measured according to JIS K-7210. 
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II. Production of propylene polymer blend 

1) Preparation of titanium-containing solid catalyst component 

s a) Titanium-containing solid catalyst component: A-1 

[0072] In a stainless steel autoclave purged with nitrogen were charged anhydrous MgClg (95.3 g) and absolute 
EtOH (352 ml), and the mixture was heated at 105°C with stirring and dissolved. After stirring was continued for one 
hour, the resulting solution was introduced to a two-fluids spray nozzle with a pressurized nitrogen gas (1.1 MPa) 
10 heated at 105**C. The flow rate of the nitrogen gas was 38 liters/mln. Cooling liquid nitrogen was introduced into the 
spray tower in which the temperature was maintained at -1 5°C. The product was collected in cooled hexane introduced 
at the bottom of the tower to give 256 g of the product. The analysis of the product showed that the composition of the 
carrier was MgClg • 6EtOH, which was the same as the starting solution. 

[0073] For using as a carrier, 205 g of spherical carrier having the particle size of 45 to 212 |xm were taken out by 
15 sieving. The carrier was dried by Introducing nitrogen gas at the flow rate of 3 liters/mln. at room temperature for 1 81 

hours to give a dry carrier composed of MgCl2 * 1.7 EtOH. 

[0074] The dry carrier (20 g), titanium tetrachloride (160 ml) and purified 1 ,2-dichloroethane (240 ml) were blended 
in a glass flasl<, and heated to 100°C with stirring. Then di-isobutylphthalate (6.8 ml) was added. After heating the 
mixture for additional 2 hours at 100**C, a liquid layer was removed by decantation. Again, titanium tetrachloride (160 
20 ml) and purified 1 ,2-dlchloroethane (320 ml) were added and the resulting mixture was maintained at 1 0Q*C by heating 
for one hour. A liquid layer was removed by decantation, and the residue was washed with purified hexane and dried 
to give a titanium-containing solid catalyst component A-1. The average particle size of the titanium-containing solid 
catalyst component A-1 was 1 1 5 fim, and the analytical values were as follows: Mg 1 9.5 wt.%, Ti 1 .6 wt.%, CI 59.0 wt. 
%, di-isobutylphthalate 4.5 wt.%. 

25 

b) Titanium-containing solid catalyst component: A-2 

[0075] In a stainless steel autoclave purged with nitrogen were charged purified kersine (1 050 ml), anhydrous MgC^ 
(15 g), absolute ethanol (36.3 g) and a surfactant (trade name: EMASOLE 320, produced by KAO ATLAS Co. Ltd.) 
30 (4.5 g), and the resulting mixture was elevated with stirring at 800 rpm and maintained at 12CPC for 30 minutes. The 
molten mixture was transferred to a 3000 ml flask equipped with a stirrer containing 1500 ml of purified kersine cooled 
to -1 0°C, using a teflon tube of 5 mm inner diameter while stirring the mixture at a high speed. The product was filtered 
and then thoroughly washed with hexane to obtain a carrier. 

[0076] The carrier (1 5 g) was suspended In titanium tetrachloride (300 ml) at room temperature, di-isobutylphthalate 
35 (2.6 ml) was added, and the resulting suspension was raised to After stirring and mixing the suspension at 

1 20°C for two hours, a solid was filtered off and suspended again in titanium tetrachloride (300 ml). After the suspension 
was stirred and mixed at 1 30°C for 2 hours, a solid was filtered off and thoroughly washed with purified hexane to give 
titanium-containing solid catalyst component A-2. 

[0077] The resulting titanium-containing solid catalyst component A-2 had an average particle size of 72 \irr\ and the 
40 following analytical values: Mg 21 .1 wt.%, Ti 2.4 wt.%, CI 64.15 wt.%. di-isobutylphthalate 5.3 wt.%. 

c) Titanium-containing solid catalyst component: A-3 

[0078] A mixture of magnesium ethoxide (300 g), 2-ethylhexanol (550 ml) and toluene (600 ml) was stirred at 93?C 
45 for 3 hours in a carbon dioxide atmosphere of 0.20 MPa. Additional toluene (800 ml) and n-decane (800 ml) were 

added thereto to obtain a magnesiun carbonate solution. 

[0079] Toluene (800 ml), chlorobenzene (60 ml), tetraethoxysilane (1 8 ml), titanium tetrachloride (1 7 ml) and Isopal 
G (isoparaffin hydrocarbon having an average carbon number of 10, boiling point: 156-1 76° C) (200 ml) were stirred at 
30°C for 5 minutes, and then the magnesiun carbonate solution prepared above was added. 

50 [0080] After additionally stirring the mixture for 5 minutes, tetrahydrofuran (44 ml) was added, and the resulting 
mixture was stirred at 60''C for one hour. After stirring was ceased and a supernatant was removed, the resulting solid 
was washed with toluene (100 ml), chlorobenzene (200 ml) and titanium tetrachloride (200 ml) were added, and the 
mixture was stirred at 1 35°C for one hour. After stirring was ceased and a supernatant was removed, chlorobenzene 
(500 ml), titanium tetrachloride (200 ml) and d-n-butylphthalate (4.2 ml) were added, and the mixture was stirred at 

55 135**C for 1 .5 hours. The supernatant was removed and the solid was washed successively with toluene (1 ,200 ml), 
Isopal G (1 ,600 ml), and hexane (800 ml) to obtain titanium-containing solid catalyst component: a-3 for comparison. 
The resulting titanium-containing solid catalyst component A-3 had an average particle size of 18.5 \im, with the fol- 
lowing analytical values: Mg 17.0 wt.%, Ti 2.3 wt.%, CI 55.0 wt.%, di-isobutylphthalate 7.5 wt.%. 
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d) Titanium-containing solid catalyst component: A-4 

[0081] In a glass flask purged with nitrogen were charged titanium tetrachloride (30 ml) and toluene (20 ml) to prepare 
a mixed solution. To the mixed solution kept at lO^'C was a suspension prepared from magnesium diethoxide (10 g) 

5 having an average particle size of 32 |xm, toluene (50 ml) and di-n-butyl phthalate (3.6 ml). Subsequently, the resulting 
mixture was elevated from 1 0^'C to SO^'C over a period of 80 minutes and reacted while stirring for 2 hrs, After completion 
of the reaction, the resulting solid product was washed four times with toluene (1 00 ml) at 90°C, and additional titanium 
tetrachloride (30 ml) and toluene (70 ml) were added thereto. The mixture was elevated to 112°C and reacted while 
stirring for 2 hrs. After completion of the reaction, the reaction mixture was washed 10 times with n-heptane (100 ml) 

10 at AO^'C to prepare a solid catalyst component. The resulting titanium-containing solid catalyst component A-4 had an 
average particle size of 32 ^m, with the following analytical value: Mg 18.9 wt.%, Ti 2.2 wt.%, CI 61.6 wt.%. 

2) Pre-activation of titanium-containing solid catalyst component 

15 [0082] A 1 5 liters stainless steel reaction vessel equipped with slant vanes was purged with nitrogen gas and then 
charged with a saturated hydrocarbon solvent having a dynamic viscosity of 7.3 centistokes at 4(fO (CRYSTOL-52, 
manufactured by Esso Sekiyu Co., Ltd.)(8.3 liters), triethyl aluminum (525 mmol), di-isopropyl-di-methoxysilane (80 
mmol) and the titanium-containing solid catalyst component prepared in the above (700 g) at room temperature. The 
mixture was warmed to 40**C and reacted for 7 hours at a propylene partial pressure of 0.15PMa to pre-activate the 

20 catalyst. The result of the analysis indicated that 3.0 g of propylene was reacted per 1 g of the titanium-containing solid 
catalyst component. 

3) First polymerization step 

25 [0083] Referring to the flow sheet shown in Fig. 1 , a horizontal porymerization reactor equipped with stirring vanes 
1 (L/D=6, , inside volume 1 00 liters) was fed continuously with the pre-activated titanium-containing solid catalyst com- 
ponent at the rate of 0.5 g/hr, triethyl aluminum as the organic aluminum compound and di-isopropyl-di-methoxysilane 
as the organic silicon compound in such a ratio as to give the Al/Si molar ratio shown in Tables 1-3. A mixed gas of 
propylene and ethylene with the C2/C3 molar ratio shown in Tables 1-3 was continuously fed. while maintaining the 

30 conditions of the reaction temperature at 65*'C, the reaction pressure at 2.2 MPa and the stirring speed at 40 rpm, and 
further hydrogen gas was continuously fed through circulation pipe 2 so that the hydrogen concentration in the vapor 
phase within the reactor was kept at the H2/C3 molar ratio shown in Tables 1-3 to adjust the intrinsic viscosity of the 
resulting polymer, i.e. the propylene-a-olefin random copolmer (A), thus modifying the molecular weight thereof. 
[0084] Reaction heat was removed by evaporation of the starting propylene supplied through piping 3. Unreacted 

35 gases discharged from the polymerization reactor was cooled and condensed outside the reaction system via piping 
4 and returned to polymerization reactor 1 . 

[0085] The propylene-a-olefin random copolmer (A) obtained in the polymerization reactor 1 was continuously taken 
out from said reactor 1 via piping 5 so that the retention level of the polymer occupies 50% volume of the reactor and 
then introduced into polymerization reactor 10 in the second polymerization step. At this time, a part of the propylene- 
40 a-olefin random copolmer (A) was intermittently taken out from piping 5 to give a sample for measuring the propylene 
content, intrinsic viscosity and yield of the polymer per unit weight of the catalyst. The yield of the polymer per unit 
weight of the catalyst was measured by an induction bonded plasma spectral analysis (IPC method) of Mg content in 
a sample. 

^5 4) Second polymerization step 

[0086] Into the horizontal polymerization reactor equipped with stirring vanes 10 (170=6, , inner volume 100 liters), 
the propylene-a-olefin random copolmer (A) from the first polymerization step and a mixed gas of ethylene and pro- 
pylene were continuously fed to copolymerize ethylene and propylene. Reaction conditions were as follows; stirring 

50 speed: 40 rpm, temperature: eo^'C and pressure: 2.2 MPa. The gas composition in the vapor phase was controlled to 
give the C2/C3 molar ratio and the Hg/Cg molar ratio shown in Tables 1-3. Through piping 7, carbon monoxide was 
supplied as a polymerization inhibitor to control the polymerized amount of the propylene-a-olefin random copolmer 
(B) and hydrogen gas was supplied to control the molecular weight of the propylene-a-olefin random copolmer (B). 
[0087] Reaction heat was removed by evaporation of the starting liquid propylene supplied from piping 6. Unreacted 

55 gases discharged from the polymerization reactor were cooled and condensed outside the reaction system via piping 
8 and returned to the copolymerization step. The propylene polymer blend produced in the copolymerization step was 
taken out from polymerization reactor 1 0 via piping 9 so that the retention level of the polymer occupies 50% volume 
of the reactor. 
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[0088] Production rate of the propylene polymer blend was 8 to 12 kg/hr. 

[0089] Monomers were removed from the propylene polymer blend taken from the reactor 10, a part of them was 
subjected to the measurement of the Intrinsic viscosity ([tiwholeD' propylene content in the propylene-a-olefin random 
copolmer (B) by infrared spectrum and polymerization ratio of the copolymer component by measuring Mg content in 
5 the polymer by ICP method. Further, the flowability of powders of the propylene polymer blend was evaluated from the 
compressibility calculated in accordance with the following equation. 

Compressibility = (Apparent compact density - Apparent loose 

10 

density) x 1 00 / Apparent compact density 
[0090] Lower compressibility provides better flowability of the powder. 

[0091] By varying the type of the titanium-containing solid catalyst component, the Al/Si molar ratio, ethylene/pro- 
15 pylene molar ratio and hydrogen/propylene molar ratio in the first polymerization step as well as the ethylene/propylene 
molar ratio and hydrogen/ethylene molar ratio in the second polymerization step as shown In Tables 1-3, there were 
obtained the samples of Examples 1 to 6 and Comparative Examples 1 to 8. 
[0092] The measured results of various properties are shown in Tables 1 to 3. 

20 5) Production of injection molded articles 

[0093] 4 kg of the powders as obtained above were incorporated with 0.004 kg of a phenolic heat stabilizer and 0.004 
kg of calcium stearate, and mixed at room temperature for 10 minutes using a high speed stirring mixer (Henschel 
mixer), and each of the mixtures was granulated into pellets by an extruding granulator with a screw diameter of 40 
25 mm. Then, a JIS type test piece was formed from the pellets using an injection molding machine In which the molten 
resin temperature was set at 230°C and the mold temperature at 50 ""C. The resulting test pieces were conditioned in 
a chamber kept at 50% humidity and at room temperature 23°C for 72 hours and measured for the various properties 
according to the following methods. Hie results are shown in Tables 1 to 3. 

30 a) Flexurat modulus (MPa): Measured according to JIS K 7203. 

b) Haze: Measured according to ASTM D 1 003 using a plate-like 25 x 50 x 1 mm test piece which was conditioned 
under the above condition. 

c) Izod impact strength: Measured according to JIS K 6758.g) 

d) Whitening on impacting: Using a du Pont impact machine (manufactured by Toyo Seiki Co. Ltd.), a load of 500 
35 g was fallen from a height of 1 m on the conditioned plate-like 50 x 50 x 2 mm test piece, with a center of Impact 

at 0.635 cm in radius and an anvil having an inner diameter of 3.81 cm, and a diameter of whitening area produced 
on the test piece by impacting was measured. 
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til. Production of polypropylene resin connposition 

1) Preparation and pre-activation of titanium-containing solid catalyst component 

[0094] The same catalyst as the above A-1 was prepared and preactivated In the above manner. 
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2) Production of propylene polymer blend 
a) First polymerization step 

5 [0095] Referring to the flow sheet shown in Fig. 1 , a horizontal porymerlzation reactor equipped with stirring vanes 
1 (L/D=6, , inside volume 1 00 liters) was fed continuously with the pre-activated titanium-containing solid catalyst com- 
ponent at the rate of 0.5 g/hr, triethyl aluminum as the organic aluminum compound and di-isopropyl-di-methoxysilane 
as the organic silicon compound in such a ratio as to give the Al/Si molar ratio shown in Table 4. A mixed gas of 
propylene and ethylene with the C2/C3 molar ratio shown in Table 4 was continuously fed to the reactor, while main- 

10 taining the conditions of the reaction temperature at 65**C, the reaction pressure at 2.2 MPa and the stirring speed at 
40 rpm, and further hydrogen gas was continuously fed through circulation pipe 2 so that the hydrogen concentration 
in the vapor phase within the reactor was kept at the H2/C3 molar ratio shown in Table 4 to adjust the intrinsic viscosity 
of the resulting polymer, i.e. the propylene-a-olefin random copolmer (A), thus modifying the molecular weight thereof. 
[0096] Reaction heat was removed by evaporation of the starting propylene supplied through piping 3. Unreacted 

15 gases discharged from the polymerization reactor was cooled and condensed outside the reaction system via piping 
4 and returned to polymerization reactor 1 . 

[0097] The propylene-a-olefin random copolmer (A) obtained in the polymerization reactor 1 was continuously taken 
out from said reactor 1 via piping 5 so that the retention level of the polymer occupies 50% volume of the reactor and 
then introduced into polymerization reactor 10 In the second polymerization step. At this time, a part of the propylene- 
20 a-olefin random copolmer (A) was intemilttently taken out from piping 5 to give a sample for measuring the propylene 
content, intrinsic viscosity and yield of the polymer per unit weight of the catalyst. The yield of the polymer per unit 
weight of the catalyst was measured by an induction bonded plasma spectral analysis (IPC method) of IVIg content in 
a sample. 

25 b) Second polymerization step 

[0098] Into the horizontal polymerization reactor equipped with stirring vanes 10 (170=6, , inner volume 100 liters), 
the propylene-a-olefin random copolmer (A) from the first polymerization step and a mixed gas of ethylene and pro- 
pylene were continuously fed to copolymerize ethylene and propylene. Reaction conditions were as follows; stirring 

30 speed: 40 rpm, temperature: 60**C and pressure: 2.2 MPa. The gas composition in the vapor phase was controlled to 
give the C2/C3 molar ratio and the Hg/Cg molar ratio shown in Table 4. Through piping 7, carbon monoxide was supplied 
as a polymerization inhibitor to control the polymerized amount of the propylene-a-olefin random copolmer (B) and 
hydrogen gas was supplied to control the molecular weight of the propyl en e-cc-olef in random copolmer (B). 
[0099] Reaction heat was removed by evaporation of the starting liquid propylene supplied from piping 6. Unreacted 

35 gases discharged from the polymerization reactor were cooled and condensed outside the reaction system via piping 
8 and returned to the copolymerization step. The propylene polymer blend produced in the copolymerization step was 
taken out from polymerization reactor 1 0 via piping 9 so that the retention level of the polymer occupies 50% volume 
of the reactor. 

[01 00] Production rate of the propylene polymer blend was 8 to 1 2 kg/hr. 
40 [0101] Monomers were removed from the propylene polymer blend taken from the reactor 10, a part of them was 

subjected to the measurement of the intrinsic viscosity ([tiwholeD' propylene content in the propylene-a-olefin random 
copolmer (B) by infrared spectrum and polymerization ratio of the copolymer component by measuring Mg content in 
the polymer by ICP method. 

[0102] By varying the type of the titanium-containing solid catalyst component, the Al/Si molar ratio, ethylene/pro- 
45 pylene molar ratio and hydrogen/propylene molar ratio in the first polymerization step as well as the ethylene/propylene 
molar ratio and hydrogen/ethylene molar ratio in the second polymerization step as shown in Table 4, there were 
obtained the samples of Examples 7 to 11 and Comparative Examples 9 to 10. 
[0103] The measured results of various properties are shown In Table 4. 

so 3) Production of injection molded articles 

[0104] 100 parts by weight of the powdered propylene polymer blend as obtained above were incorporated with 
sodium 2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate, aluminum hydroxy-bis(4-t-butylbenzoate) or 1.3,2.4-bis(p- 
methylbenzylidene)sorbitol as an a-crystal nucleating agent In an amount (part by weight) indicated in Table 4, 0.1 part 
55 by weight of tetraxis(methylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate)methane as a phenolic heat stabilizer 
and 0.1 part by weight of calcium stearate as a neutralizes and mixed at room temperature for 1 0 minutes using a high 
speed stirring mixer (Henschel mixer), and the mixture was granulated into pellets using an extruding granulator with 
a screw diameter of 40 mm in which a cylinder temperature was set at 230PC. Then, a JIS type test piece was fomned 
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from the pellets using an injection molding machine in which the molten resin temperature was set at 250PC and the 
mold temperature was set at 50°C. The resulting test piece was conditioned in a chamber kept at 50% humidity and 
at room temperature 23°C for 72 hours and measured for the various properties according to the methods as mentioned 
above. The results are shown in Table 4. 
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Industrial Applicability of the Invention 

[0105] Tlie molded articles produced from tlie propylene polymer blends satisfying the above-mentioned physical 
properties of the present invention and the polypropylene resin compositions containing a-crystal nucleating agents 
5 are excellent in transparency, stress-whitening resistance and low-temperature impact resistance as well as the balance 
thereof. The processes of producing the propylene polymer blends of the present invention are very high in productivity, 
because of continuous process. 



10 Claims 

1. A propylene polymer blend comprising (A) a propylene-a-olefin random copolymer with a propylene content of 90 
to 99% by weight and (B) a propylene-a-olefin random copolymer with a propylene content of 55 to 90% by weight, 
wherein the intrinsic viscosity (hg]) of the copolymer B ranges from 1 .3 to 3.5 dl/g. the ratio ([t)b]/[ii;J) of the intrinsic 

15 viscosity ([tibD of the copolymer B to the intrinsic viscosity ([ti^]) of the copolymer A ranges from 0.5 to 1 .3 and a 

product (tib/tIa) ^ (^a^b) intrinsic ratio (hBl/hAl) of both copolymers and the weight ratio (W^AA/b) of both 
copolymers ranges from 1 .0 to 4,5 said intrinsic viscosity ([tib]) of the copolymer B being derived from the following 
equation 

[tIbI = {[tIwhole] - (1 - Wb/100) [tIaI} / (Wb/100) 

wherein [tiwholeI represents the intrinsic viscosity of the propylene polymer blend, Wb represents the weight % 
of the propylene-a-olefin random copolymer (B) and (ti^ represents the intrinsic viscosity of the propylene-a-olefin 
25 random copolymer (A) as determined in tetralin at 135**C. 

2. The polymer blend of Claim 1 wherein the content of the copolymer B ranges from 1 0 to 50% by weight based on 
the weight of the polymer blend. 

30 3. A process of producing the propylene polymer blend of Claim 1 which comprises in sequence: 

(a) carrying out a first polymerization step wherein propylene and other a-olef ins than propylene are copoly- 
merized in a vapor phase in the presence of a catalyst for a stereoregular olefin polymerization which comprises 
a combination of a titanium-containing solid catalyst component having an average particle size of 20-300 ^m, 

35 an organoaluminum compound of the formula AIRij„X3.n, wherein is a hydrocarbyl group of 1-20 carbons, 

X is a halogen atom and m is a positive number of 3^m^1 .5, and an organosilicon compound of the formula 
R2xR3ySKOR'^)z wherein R^ and R^ is a hydrocarbyl group, R3 is a hydrocarbyl group or a hydrocarbyl group 
containing a hetero atom, X, Y and Z have a relationship of 0^X^2, 1^Y^3, 1^Z^3, and X+Y+Z=4 , to 
produce 90 to 50% by weight of a propylene-a-olefin random copolymer (A) based on the total weight of the 

40 polymer blend and then 

(b) carrying out a second polymerization step wherein propylene and other a-olefins than propylene are co- 
polymerized to produce 1 0 to 50% by weight of a propylene-a-olefin random copolymer (B) having a propylene 
content of 55 to 90% by weight, based on the total weight of the polymer blend. 

45 4. The process of Claim 3 wherein the titanium-containing solid catalyst component has a particle uniformity of not 
more than 2.0. 

5. The process of Claim 3 wherein the molar ratio of the organoaluminum compound to the organosilicon compound 
(Al/Si) ranges from 1 to 1 0. 

50 

6. A polypropylene resin composition which comprises 99 to 99.9999% by weight of the propylene polymer blend of 
Claim 1 and 1 to 0.0001% by weight of an a-crystal nucleating agent. 

7. The resin composition of Claim 6 wherein the propylene polymer blend contains 1 0 to 50% by weight of a propylene- 
's a-olefin random copolymer B based on the weight of the polymer blend. 

8. The resin composition of Claim 6 wherein the a-crystal nucleating agent is selected from the group consisting of 
talc, metal salts of aromatic carboxylic acids, dibenzylidene solbitol compounds, metal salts of aromatic phosphoric 
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acids, poly(3-methyl-1-butene), polyvinyl cyclohexane, polyallyltrimethyisilane and the mixture thereof. 



Patentanspriiche 

1. Propylenpolymernnischung, umfassend (A) ein statistisches Propylen-a-Olefin-Copolymer mit einem Propylenge- 
halt von 90 bis 99 Gew.% und (B) ein statistisches Propy!en-a-Olefin-Copolymer mit einem Propylengehalt von 
55 bis 90 Gew.%, worin die Eigenviskositat {[r\^]) des Copolymers B im Bereich von 1 ,3 bis 3,5 dl/g liegt, das 
Verhaltnis von (hel/hAl) der Eigenviskositat ([tib]) des Copolymers (B) zu der Eigenviskositat ([j]^}) des Copoly- 
mers (A) im Bereich von 0,5 bis 1 ,3 liegt und ein Produkt ((tib/t1a)x(Wa/Wb) des Verhaltnisses der Eigenviskositat 
(hs] / l^fii) beider Copolymerer und des Gewichtsverhaltnisses (W^/Wg) beider Copolymerer im Bereich von 1 ,0 
bis 4,5 liegt, wobei die Eigenviskositat {[if\^]) des Copolymers B von der folgenden Gleichung stammt: 

(^b1 = {[^Gesamtl " ' Wg/lOO) [r\^]} I (Wg/lOO) 

worin TiQgga^t die Eigenviskositat der Propylenpolymermischung ist, die Menge des statlstischen Propylen-a- 
Olefin-Copolymers (B) in Gew.% ist, und [ti/J die Eigenviskositat des statistischen Propylen-a-Olefln-Copolymers 
(A) ist, bestimmt in Tetralin bei 1 35'*C. 

2. Polymermischung nach Anspruch 1 , worin der Gehalt des Copolymers B im Bereich von 10 bis 50 Gew.% liegt, 

bezogen auf das Gewicht der Polymermischung. 

3. Verfahren zur Erzeugung der Propylenpolymermischung nach Anspruch 1 , umfassend die aufeinander folgenden 
Schritte: 

(a) Durchfuhrung eines ersten Polymerisationsschrittes, worin Propylen und andere a-Olefine als Propylen in 
einer Dampfphase in der Gegenwart eines Katalysators fur die stereoregulare Olefinpolymerisation, der eine 
Kombination aus einer titanhaltigen festen Katalysatorkomponente mit einer durchschnittlichen TeilchengroBe 
von 20 bis 300 jxm, einer Organoaluminiumverbindung mit der Formel AlR''n,X3.n,, worin eine Kohlenwas- 
serstoffgruppe mit 1 bis 20 Kohlenstoffatomen ist, X ein Halogenatom und m eine positive Zahl von 3&m>1 ,5, 
und einer Organosiliziumverbindung mit der Formel R2j(R3ySi(OR^)2 umfasst, worin R2 und R"* eine Kohlen- 
wasserstoffgruppe sind, R3 eine Kohlenwasserstoffgruppe Oder eine Heteroatom-haltige Kohlenwasserstoff- 
gruppe sind, X, Y und Z die Beziehungen erfullen 0<X<2, 1^Y<3, 1<Z<3 und X+Y+Z =4, copolymerisiert wer- 
den, unter Erzeugung von 90 bis 50 Gew.% eines statistischen Propylen-a-Olef In -Copolymers (A), bezogen 
auf das Gesamtgewicht der Polymermischung, und anscllelBend 

(b) Durchfuhren eines zweiten Polymerisationsschrittes, worin Propylen und andere a-OIefine als Propylen 
zur Erzeugung von 10 bis 50 Gew.% eines statistischen Propylen-a-Olefin-Copolymers (B) mit einem Propy- 
lengehalt von 55 bis 90 Gew.%, bezogen auf das Gesamtgewicht der Polymermischung copolymerisiert wer- 
den. 

4. Verfahren nach Anspruch 3, worin die titanhaltige teste Katalysatorkomponente eine TeilchengleichmaBigkeit von 
nicht mehr als 2,0 hat. 

5. Verfahren nach Anspruch 3, worin das molare VerhSltnis der Organoaluminiumverbindung zu der Organosilizium- 
verbindung (Al/Si) im Bereich von 1 bis 10 liegt. 

6. Polypropylenharzzusammensetzung, umfassend 99 bis 99,9999 Gew.% der Propylenpolymermischung nach An- 
spruch 1 und 1 bis 0,0001 Gew.% eines a-Kristall-Nukleierungsmittels. 

7. Harzzusammensetzung nach Anspruch 6, worin die Propylenpolymermischung 10 bis 50 Gew.% eines statisti- 
schen Propylen-a-Olefin-Copolymers B, bezogen auf das Gewicht der Polymermischung, enthalt. 

8. Marzusammensetzung nach Anspruch 6, worin das a-Kristall-Nukleierungsmittel ausgewSIt ist aus der Gruppe, 

bestehend ausTalkum, Metallsalzen von aromatischen Carbonsauren, Dibenzylidensorbitolverbindungen, Metall- 
salzen von aromatischen Phosphorsauren, Poly(3-methyl-1-buten), Polyvinylcyclohexan, Polyallyltrimethylsilan 
und der Mischung davon. 
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Revendications 

1. Melange de polym§res de propylene comprenant (A) un copolym^re statistique propylene-a-ol6fine pr^sentant 
una teneur en propylene de 90 k 99 % en poids et (B) un copolym^re statistique propylene-a-ol6fine pr^sentant 
une teneur en propylene de 55 k 90 % en poids, ou la viscosity Intrins^que ([tiq]) du copolym^re B va de 1 ,3 ^ 
3,5 dl/g, le rapport ([tig] / [tiaD de la viscosity Intrlnsdque ([tibJ) du copolym^re B sur la viscosity Intrinsdque {[ti^]) 
du copolym^re A va de 0,5 a 1 ,3 et le produit (tib/tia) x (WaAA/b) du rapport de viscosity intrins§que ([t)b] / [tia]) 
des deux copolym^res et du rapport massique (WAA/VB) des deux copolymeres va de 1 ,0 ^ 4,5, ladite viscosity 
intrinseque ([tib]) du copolymere B 6tant obtenue k partir de T^quation suivante 

[^b1 = {[niOTALiTEl • 0 - Wg/lOO) [Ti^]} / (Wg/lOO) 

dans laquelle [titotaliteI represente la viscosity intrinseque du melange de polymeres de propylene, Wg 
repr^sente le pourcentage en poids du copolymere statistique propyl^ne-a-ol^fine (B) et [tia] represente la visco- 
sity intrinseque du copolymdre statistique propyl^ne-a-oiefine (A) determinee dans la t^traline k 135*" C. 

2. Melange de polymeres selon la revendication 1 , dans lequel la teneur en copolymdre B va de 1 0 ^ 50 % en poids 
sur la base du poids du melange de polymeres. 

3. Procede de fabrication du melange de polymeres de propylene selon la revendication 1 qui comprend en 

sequence : 

(a) Tex^cution d'une premiere etape de polymerisation dans laquelle du propylene et d'autres a-oieflnes que 
le propylene sont copolymerises en phase vapeur en presence d'un catalyseur de polymerisation d'olefines 
stereo-regulieres qui comprend une combinaison d'un composant de catalyseur soilde contenant du titane 
presentant une taille moyenne des particules de 20 a 300 nm, un compose organoaluminique de formule 
AIR^Xg.^, dans laquelle est un groupement hydrocarbyle de 1 ^ 20 carbones, X est un atome d'halogene 
et m est un nombre positif tel que 3 ^ m ^ 1,5, et un compose organosilicique de formule R^R^Si(0R'^)2 
dans laquelle R2 et R^ sont un groupement hydrocarbyle, R3 est un groupement hydrocarbyle ou un groupe- 
ment hydrocarbyle contenant un heteroatome, X, Y et Z presentent une relation telle que 0 ^ X ^ 2, 1 ^ Y 
^ 3, 1 ^ Z ^ 3, et X+Y+Z=4, pour produire 90 k 50 % en poids d'un copolymere statistique propyiene-a- 
oiefine (A) sur la base du poids total du melange de polymeres et ensuite 

(b) Texecution d'une seconde etape de polymerisation dans laquelle du propylene et d'autres a-oiefines que 
le propylene sont copolymerises pour produire 10 ^ 50 % en poids d'un copolymere statistique propyiene-a- 
olefine (B) presentant une teneur en propylene de 55 a 90 % en poids, sur la base du poids total du melange 
de polymeres. 

4. Precede selon la revendication 3, dans lequel le composant de catalyseur solide contenant du titane presente une 
uniformite des particules qui n'est pas superieure k 2,0. 

5. Precede selon la revendication 3, dans lequel le rapport molaire du compose organoaluminique sur le compose 
organosilicique (Al/Si) va de 1 a 10. 

6. Composition de resine de polypropylene qui comprend 99 a 99,9999 % en poids du melange de polymeres de 
propylene de la revendication 1 et 1 ^ 0,0001 % en poids d'un agent de nucieation de cristaux a. 

7. Composition de resine selon la revendication 6, dans laquelle le melange de polymeres de propylene contient 10 
a 50 % en poids d'un copolymere statistique propyiene-a-oief ine B sur la base du poids du melange de polymeres. 

8. Composition de resine selon la revendication 6, dans laquelle I'agent de nucieation de cristaux a est choisi parmi 
le groupe constitue du talc, de sels metalliques d'acldes carboxyliques aromatiques, de composes de dibenzyli- 
d6ne-sorbitol, de sels metalliques d'acides phosphoriques aromatiques, de poly(3-methyl-1 -butene), de polyvlnyl- 
cyclohexane, de polyallyltrimethylsilane et du melange de ceux-ci. 
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